ABSTRACT: Neopolystoma liewi Du Preez and Lim, 2000, is redescribed on the basis of specimens collected from the type host, Cuora amboinensis, in Malaysia during 2008. Morphometric comparison of the new specimens with the original description revealed significant differences because of differences in specimen preparation. The current material was killed in hot formalin without coverglass pressure, whereas the specimens from the original description were killed and fixed with coverglass pressure. Coverglass pressure resulted in increases of 30%-70% in most measurements of body organs. Sclerotized structures (genital and haptoral hooks and eggs) or structures with sclerotized supports (haptoral suckers) were not affected by coverglass pressure. The coefficient of variation of measurements from worms killed with hot formalin was low (,10%) for most structures. The authors recommend discontinuing the use of flattening in the preparation of monogenetic trematodes, with the exception of a small number of specimens necessary to accurately view structures not easily seen in unflattened material. Measurements from flattened specimens should not be used in species descriptions.
Du Preez and Lim (2000) described Neopolystoma liewi on the basis of 11 specimens collected from the Malayan box turtle, Cuora amboinensis Riche in Daudin, 1801, from Kuala Lumpur, Malaysia. This represented the eighth species of the genus described from the conjunctival sac of chelonians worldwide. One of us (T.R.P.) had the opportunity to collect additional specimens of N. liewi from the type host during 2008. Comparison of the new specimens with the original description revealed significant differences in the measurements of most structures. Therefore, N. liewi is herein redescribed on the basis of the new material.
MATERIALS AND METHODS
Specimens of C. amboinensis were purchased from professional trappers from various localities in Selangor State, Malaysia (which includes Kuala Lumpur), and held in freshwater tubs for no longer than 7 d until postmortem examination. Turtles were injected with a lethal dose of sodium pentabarbitol and necropsied with the use of standard procedures (Platt, 1988) once the animal failed to respond with an eye blink when touched with a fine, camelhair paint brush. Worms were killed by placing them in a small vial with enough saline to prevent desiccation followed by the addition of steaming 5% neutral buffered formalin. The vial was quickly capped and then gently shaken. The worms were maintained in 5% formalin until staining. The worms were stained with Ehrlich's hematoxylin and prepared as whole mounts in Canada balsam for examination. Worms were measured with a compound microscope equipped with an ocular micrometer. Measurements are presented in micrometers (mm) as mean values followed by range values in parentheses. Drawings were made with the aid of a drawing tube.
A flattening ratio was calculated by dividing the mean of a structure from the original description by the mean of that structure from the current study. A coefficient of variation (CV 5 [standard deviation/] 3 100) was calculated to determine the variation of the structures from the current study. The holotype and 2 paratypes (Natural History Museum 1999.10.29.2, 4) Other localities: Selangor State, Malaysia (specific localities not determined).
Site of infection: Conjunctival sac.
Prevalence and intensity of infection: Twenty-five percent (6/24); 2.2 (1, 1, 1, 1, 4, 5).
Specimens deposited: Vouchers (USNPC 104649-104654).
DISCUSSION
The specimens described in the current study are undoubtedly conspecific with N. liewi Du Preez and Lim, 2000. The worms were collected from the type host in the same region that contains the type locality. Both sets of specimens have small numbers of genital spines of the same length and morphology, and the eggs are the same size (Table 1) ; however, the morphometrics of the worms are substantially different because of the use of coverglass pressure applied by Du Preez and Lim (2000) in the process of killing and fixing their specimens. Structures of N. liewi fixed with coverglass pressure were 30%-70% larger than those fixed in hot formalin (Table 1) . Sclerotized structures (e.g., haptoral hooks, genital spines, and the egg) were not affected by flattening. The haptoral suckers (type 2 of Pichelin [1995] ) possessing a series of rings, possibly soft keratin, were also unaffected. The genital bulb and false oral sucker (Pichelin, 1995) are the only nonsclerotized structures unaffected by flattening. The genital bulb might be too small to have been affected or was protected by the size of the prohaptor. The vitellaria do not reach the lateral body margins in the heatkilled specimens, as shown in the original illustration of the holotype ( Fig. 1; Du Preez and Lim, 2000) .
Du Preez and Lim (2000) stated that the intestinal cecae lacked diverticula, whereas the current specimens possess a series of irregular projections on the internal margins (Fig. 2) of the posterior one half of the cecae (posterior to the ovary). In addition, the cecal tips turn medially, which was not indicated in the original description. Examination of the type material confirms the presence of the diverticula, although they are obscured by the dense nature of the vitellaria and reduction in size because of the flattening of the specimens, inflating the cecal diameter and making detection of this feature difficult.
The coefficient of variation for the heat-fixed specimens was ,10 for most structures, indicating they would be useful for intra-and interspecific comparisons. The testis and ovary showed greater variability (CV . 10), which, however, was not unexpected because these structures increase in size during sexual maturation and regress during senescence. Bakke (1988) reviewed the literature on preparing digenetic trematodes for taxonomic work and provided experimental evidence demonstrating that most protocols involving cold fixatives produced unacceptable specimens of Phyllodistomum umblae (Digenea: Gorgoderidae). Heat killing, particularly with formalin (buffered or unbuffered), produced fine specimens for taxonomic study. Bakke (1988, pg. 10 ) noted that ''flattening … has a profound effect on both body and organ shapes and dimensions.'' This was certainly the case with N. liewi (Table 1; Figs. 1, 2 ). There may be cases where flattening 1 specimen or a small number of specimens might be necessary to determine the association of genital ducts or to measure hooks and spines accurately, but these specimens should not be used in the morphometric description of the species (Bakke, 1988) .
Du Preez and Lim (2000) differentiated N. liewi from the 5 species of Neopolystoma described from the conjunctival sac at the time on the basis of the small number of genital spines (8) (9) (10) (11) in N. liewi, except Neopolystoma cribbi Pichelin, 1995 , which possesses 6-10 (Pichelin, 1995 . They further differentiated N. liewi from N. cribbi on the basis of the smaller size of the genital spines (11.8 vs. 17.8, respectively). All of the Australian species also differ from N. liewi in having the vitellaria extending into the haptoral region of the body (Pichelin, 1995) .
Neopolystoma liewi is most similar to Neopolystoma elizabethae Platt, 2000, on the basis of the number, shape, and size of the genital spines and the size and shape of the marginal hooks. Additionally, both species possess cecal diverticula on the internal surface of the posterior half of the cecae. Neopolystoma elizabethae is, however, a larger worm with a larger haptor than N. liewi (790-970 3 880-1070 vs. 571-683 3 734-867, respectively) and larger haptoral suckers (344-408 vs. 210-246, respectively) . The ratio of the vaginae to the anterior end/total length is smaller in N. elizabethae (33.2%-35.4%) than in N. liewi (39.8%-46.8%) as well. Because specimens from both studies (Platt, 2000 ; current study) were killed and fixed using the same method (hot formalin), these differences appear to provide a reliable means for differentiating the 2 species.
Differentiating species of Neopolystoma is rarely simple. Eight species of Neopolystoma have been described from the conjunctival sac of turtles worldwide (Platt, 2000) . Pichelin (1995) indicated that a suite of characters was necessary to differentiate the 4 species she described from the side-necked turtles in Australia because no single character was sufficient to separate them. Du Preez and Maritz (2005, pg. 14) suggested a novel approach to polystome taxonomy using a series of 3 measurements of the marginal haptoral hooks and a multivariate analysis; however, they warned that although the tool is effective, ''this protocol will not separate all species equally well … [and] we obviously do not propose that all other morphological features should be ignored.'' This process has not been attempted on species of Neopolystoma and might provide useful information in separating these morphologically conservative species. Traditional morphometric comparisons are still necessary in species descriptions; however, they are only useful if the material is prepared with the use of appropriate procedures that result in reliably comparable specimens.
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